The position and application of hydraulic system on the engineering machinery are analyzed while the current situation and application of electric technology are discussed. A new idea is proposed in which the end effectors are driven by electric motors while the restriction of hydraulic system is taken over. Several key problems are analyzed during the refitting of engineering machinery such as the high-power, the distribution and focus of energy, the source of energy and the redesign of the control system. The detail is discussed with the Komatsu excavator PC200-8. The advantages of electric engineering machinery are also summarized.
Introduction
As an important part of the engineering equipment industry, engineering machinery played a crucial role in the development and engineering of the country. All countries have given a great deal of concern in the development of engineering machinery. The quantity and quality of engineering machinery reflect the national strength and technical level of a country, so it is an important manifestation of the comprehensive national strength. Engineering machineries are mainly used for industrial construction and production, agriculture, forestry, water conservancy engineering, industrial and civil buildings, urban construction, environmental protection and so on.
The application of hydraulic system in engineering machinery The hydraulic transmission system has been widely used in engineering machinery because the advantages of high power density and speed rigidity, easy to implement linear motion, cool and install. According to the statistics, more than 95% of the engineering machinery uses hydraulic technology. Engineering machinery hydraulic products accounted for more than 40% of total industrial sales. The application of hydraulic technology has become an important indicator for measuring the level of a country's industrial [1, 2] .
However, the delivery time of key parts which was imported is one year and three months in 2005. What's more, many hydraulic components which belong to the field of country security cannot be obtained at all. Hydraulic components as well as the entire hydraulic system accounted for the cost of 20% in a machine generally, but the performance of this system is precisely crucial. The production of Hydraulic components is not low in our country, but the high-level products market is almost occupied by foreign countries. Moreover, the gap seems to be increasing [3] .
Electric technology status
The continuous development of electric technology and control theory has brought us a new direction. The progress of power-semiconductor devices, such as BJT (bipolar transistor), MOSFET (metal oxide silicon FET) [4] , the IGBT (insulated gate bipolar transistor) is continuous and practical. This progress makes the high frequency PWM technology possible. The microelectronic technology has been widely used and digital processing control chip's computing ability and reliability have been greatly improved. Thus the replacement of the analog control system by the digital control system is prompted. There are many microprocessors suitable for AC drive system such as single chip micro-computer, DSP, ASIC, etc.. In addition, the application of vector control technology, direct torque control technology and modern control theory also promote the application and popularization of electric technology [5] .
China's electric technology has also made great progress. Locomotive traction, for example, the railway AC drive technology is developed from synchronous to asynchronous, from 22 kW to 1224 kW, from the simulation tests to the advent of AC drive locomotive. It was in 1972, Zhuzhou Electric Locomotive Research Institute had done research on the simulation system of 10 kW frequency-conversion synchronous motor of current source with their own advantages. Then they began the research of voltage-source 10 kW variable frequency asynchronous motor simulation system and designed test motor (22 kW) with multiple measurement coil. The research of YQD300 asynchronous traction motors 300 kW in power AC-DC-AC system was conducted in 1984. In 1985, Institute of Science and Technology of the Ministry of Railways and other institutions completed a pilot study of 100 kW rating LCI system. Zhuzhou Electric Locomotive Research Institute started to develop 1000 kW AC drive system in 1988 and completed JD103 asynchronous traction motor in 1025 kW consolidated test platform in 1995. After the topic of "special copper alloy and 200 Corona-resistant insulation structure" posted by the Science and Education Division of the Ministry of Railways in 1996, asynchronous traction motor had achieved fruitful results in the urban rail, mining, diesel and electric locomotives. Especially the 220 km/h JD106 motor which is confirmed by the state in 2000 contained all the achievements. Until 2002, China's railway indigenously developed asynchronous traction motors had experienced two comprehensive tests to prove its consolidated had reached the first level in the world. There are 21 kinds n which the main ones are shown in table 1 [6] . 
Electric modification of engineering machinery
The main reason that more than 95% of the engineering machinery use hydraulic system is the restriction of earlier motor power and control technology. With the continuous development and progress of the technology, the motor and control technology has been able to meet some of the requirements of engineering machinery. Modification example. Some preliminary exploration has been carried out on the electric modification of the engineering machinery. Luoyang Juke has modified small and medium-sized electric hydraulic excavator (Figure 1) , with the electric motor instead of a diesel engine. Compared with the same model diesel excavator, it has an operating costs saving of 65% and 8% efficiency promotion. It is also applicable in special environment such as high altitude, closed situation, ventilation difficulties. Those electric hydraulic excavators maintain the imported excavator mechanical operating parts, so that the flexibility and comfort of the operation will not be affected.
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Health, Structure, Material and Environment SANY Group Co., Ltd. has also developed small pure electric hydraulic excavators SY75C3EH which is driven by electric at all. This modification fully realized low-noise and zero emissions, fully consistent with the low carbon and environmental requirements. Advanced electric technology is adopted with a rechargeable battery and electric motor to replace the original engine and fuel system. This machine also has a remote wireless control system. All the action can be done include the movement of the boom, arm, bucket (the hydraulic scissors), walking, rotary operation. It is particularly useful in some dangerous condition to ensure the safety of operators. In addition, this excavator also has a voice control system. The problem encountered. It is found that there are several difficulties in the implementation process of the direct motor drive engineering machinery modification. High-power of the hydraulic system require big size of the motor Due to the working conditions, most of the engineering machinery needs great power. Such as excavators, bulldozers, concrete mixer truck, concrete pump truck, they all need hundreds of kilowatts. Now several machinery's brief arguments is listed as follows: For such a large power, it requires a large motor when driven by motors. A 110 kW motor's size is 825*635*600 (length*width*height [mm]) and the weight is 465kg. This volume and quality is a great constrain in engineering machines. Energy concentration and dispersion For most of the engineering machinery, the execution units are driven by high pressure fluid which comes from the engine-driven hydraulic pump. In this process, the high-pressure oil distribution to the respective execution unit is controlled by the hydraulic valve. When only one oil line is connected, the end execution unit can get all of the available power of the system. Thus the power is focused on one part to complete the task. When multiple oil lines Advanced Materials Research Vol. 663 are connected, several execution units will perform together. So the system power is distributed to each execution unit. In the conventional hydraulic system, this feature makes the system power meet the requirements and avoids extra waste. When driven by motors, we have to figure out every part's power and make sure that the motor can provide the maximum power every respective execution unit requires. Thus the sum of the nominal power of the drive motor system is far above the required power. There is an example about the modification of Komatsu excavator PC200-8 ( Figure 2 ) to illustrate this question.
In this figure, 1 is a driving wheel, 2 is a control cabinet, 3 is the above part, 4 is the driving room, 5 is the screw mechanism of the movable arm, 6 is a boom motor, 7 is a motor of boom arm, 8 is a screw mechanism of the arm, 9 is a boom arm, 10 is bucket boom arm, 11 is the bucket , 12 is rod, 13 is a bucket screw mechanism, 14 is a bucket motor, 15 is a battery group, 16 is the walking motor, 17 is a rotary motor, 18 is a rotary reducer, 19 is a rotary mechanism, 20 is rotary joints.
In the modified machinery, there are seven motors totally, including a bucket motor, arm motor, two boom motors, a rotary motor and two travel drive motors.
According to the soil cutting theory, by relevant empirical formula [7] , the average bucket digging resistance is, 
The force of the boom cylinder
Replace the symbol by related parameters, the results is as follows, According to part of the calculation results, just the bucket motor and arm motor need a power of 83.7 kW. There are another five motors, so the power of all system will go far beyond the original hydraulic excavator engine power 110kW, at least more than 2 times the power of the hydraulic excavator. But not all the motors work at the same time (The operator decides which motor works), the wasted power is so small. Energy source Another major problem is the source of the energy in the conversion process. The energy of current hydraulic engineering machinery is provided by fuel engine. The whole machine is driven by mechanical transmission and hydraulic systems. After transformed to the electric engineering machinery, power source have been a issue that has to be considered. The supply of energy is no more than two, the onboard battery power supply and drag-and-drop cable supply. For less movable engineering machinery, the trailing cable supply means can be used such as excavators (Juke as a example in Figure 1 ), etc., for movable machinery, the drag cable power supply is clearly wrong and the onboard battery power supply is the only choice, but battery capacity and volume restrict the application.
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Control systems modification Therefore, the corresponding control system must also be modified due to a disruptive modification of the driving mode of the machine. The corresponding design should be as Figure 3 . Traditional engineering mechanical control systems mainly include the handles or buttons to control hydraulic valve, thus achieving the purpose to control execution unit action. The modified mechanical motor should be controlled by the handles and buttons directly [8] . 
Advantages of electric engineering machinery
The application of electric technology can bring huge economic benefits to the engineering machinery manufacturing. As the traditional hydraulic excavator power source is diesel, fuel-guzzling, gas-emissions, pollution, heavy investment in diesel. Most of the domestic excavator hydraulic valve control systems are imported from abroad while expensive and critical technology are controlled by others which is not conducive to the development of the national industry. As for the application of electric technology, its advantages are as follows: ① With the replacement of diesel engine by motors, the running costs will dropped greatly. It is significantly important today when the oil resource is depleting as well as the soaring of the price. ② Motor starts easily with fast response ability, easy installation and maintenance, no noise and oil pollution. While hydraulic machine is inefficient, difficult to eliminate leakage and needs high cost of maintenance and. ③ Electric servo structure has smaller size, quality, bigger transmission ratio, higher transmission efficiency, while the hydraulic servo system has complex structure and higher maintenance costs. ④ Electric servo-cylinder is a precise mechanical system which converts the rotary motion of the motor to a linear motion of the piston by the screw vice mechanical movement. Compared with the same power hydraulic servo systems, the total efficiency can be increased by 20 ~ 30%, so as to achieve energy saving and environmental friendly. ⑤ Electric system is easier to be precise and rapid positioning. It's easy to be automatic mining robot [9] with host computer and controller. This is the future direction of development of the engineering machinery.
The electric system has been widely used in vehicles, aerospace, national defense and other fields, thus its application to engineering machinery is also the future trends.
Conclusion
A brief analysis of the status of engineering machinery is presented with the figuration of one key technology constrain -the hydraulic system restriction. The idea of electric engineering machinery modification is carried out with more detailed analysis on several difficult problems in modification (take the excavator as an example). At last, we summarized the advantages of electric engineering machinery.
